We aimed to identify the independent associations of genomic ancestry and education level with abdominal fat distributions in the 1982 Pelotas birth cohort study, Brazil. In 2,890 participants (1,409 men and 1,481 women), genomic ancestry was assessed using genotype data on 370,539 genome-wide variants to quantify ancestral proportions in each individual. Years of completed education was used to indicate socio-economic position. Visceral fat depth and subcutaneous abdominal fat thickness were measured by ultrasound at age 29-31y; these measures were adjusted for BMI to indicate abdominal fat distributions. Linear regression models were performed, separately by sex. Admixture was observed between European (median proportion 85.3), African (6.6), and Native American (6.3) ancestries, with a strong inverse correlation between the African and European ancestry scores (ρ = -0.93; p<0.001). Independent of education level, African ancestry was inversely associated with both visceral and subcutaneous abdominal fat distributions in men (both P = 0.001), and inversely associated with subcutaneous abdominal fat distribution in women (p = 0.009). Independent of genomic ancestry, higher education level was associated with lower visceral fat, but higher subcutaneous fat, in both men and women (all p<0.001). Our findings, from an admixed population, indicate that both genomic ancestry and education level were independently associated with abdominal fat distribution in adults. African ancestry appeared to lower abdominal fat distributions, particularly in men.
Introduction
Obesity has become a global public health problem, reaching epidemic proportions and coexisting with under-nutrition in low and middle-income countries [1] . It is defined as a body PLOS ONE | https://doi.org/10.1371/journal.pone.0179085 June 5, 2017 1 / 13 a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
early phases, verbal informed consent was obtained from the mothers, whereas in recent phases, written consent was obtained. The latest phase of the 1982 Pelotas birth cohort study was approved by the Federal University of Pelotas Ethical Committee, which is affiliated with the Brazilian Federal Medical Council. The research has been conducted according to the principles expressed in the Declaration of Helsinki. In 2012-13, all the members of the cohort were sought, and 73.1% (n = 4,321) were located. We examined 3,711 of them between June 2012 and February 2013. Including those members known to have died (n = 325), this sample comprises 68% of the original cohort. Valid data on visceral and subcutaneous abdominal fat thicknesses were collected by ultrasound from 3,493 participants (1,724 men and 1,769 women) aged 29-31 y. Exclusion criteria for performing abdominal ultrasound included women with a known or probable pregnancy, and those who had given birth in the previous three months. Of the 3,493, we had data on genomic ancestry for 2,890 participants (1,409 men and 1,481 women), which comprises the sample included in this analysis. This subsample did not differ from the sample of cohort members located in 2012-13 and examined using ultrasound (n = 3,493) regarding sex, education level and BMI classification ( Table 1) .
Phenotype measures
Abdominal ultrasound imaging was carried out using a 3.5-MHz convex probe interfaced to a Toshiba Xario (Toshiba Medical Systems Corp) ultrasound machine. Two different static images were obtained at the end of a quiet expiration by applying minimal pressure, ensuring no displacement of the abdominal cavity. For both images the probe was placed at the crossing point between the xyphoid line and the waist circumference using electronic callipers. The distance between the peritoneum boundary and the lumbar spine was considered as a proxy for the amount of intra-abdominal adipose tissue, referred herein as visceral fat thickness [23] . Total subcutaneous abdominal fat depth was measured from the posterior line of dermis to the outer bowel wall [24] . Three trained technicians using a standardized protocol performed the ultrasound scans. The technicians performed all measurements immediately after obtaining each image. Three quality control sessions were performed, each with groups of ten volunteers, by comparing the results of all three technicians to those of one investigator (GVAF) who had been previously trained and certified in this technique. The relative intra-observer technical error of measurement for the visceral thickness was 4.1% and 3.4% for subcutaneous abdominal fat thickness, and the relative inter-observer technical error of measurement was 3.1% for both measurements.
Trained research assistants performed anthropometric measurements using standard procedures. Participants were barefoot and wearing light clothing. Weight was measured to the nearest 0.1 kg on a calibrated electronic scale (TANITA model BC-418 MA; Tanita, Tokyo, Japan). Standing height was assessed to the nearest 0.1 cm using a full-length wall-mounted stadiometer (SECA 240; Seca, Birmingham, United Kingdom). Body mass index (BMI; in kg/m 2 ) was calculated by dividing weight by height squared.
Genotype measures and SEP
The genomic ancestry analysis was based on peripheral blood DNA samples of 3,736 cohort members who had been evaluated at 22-23 years of age. The analyses were carried out as part of the Epigen Initiative, as reported by Lima-Costa et al. [25] . Genotyping was performed using the Illumina Omni 2.5M array (San Diego, California). Quality control analysis of the data was performed using Genome Studio (Illumina), PLINK, GLU (code.google.com/p/glugenetics/), Eigenstrat, and in-house scripts. [26] Admixture analyses were based on 370,539 SNPs shared by samples from the HapMap Project, the Human Genome Diversity Project (HGDP), and the Epigen-Brazil study population. Detailed information on the external parental populations and family structure are previously reported [25] . [21] , The Bambui cohort [27] , and The Salvador-SCAALA project [28] ) using the REAP software (Related Estimation in Admixed Populations) [29] . The contributions from African, European and Native American ancestry in each individual was estimated using the ADMIXTURE software [30] .
As an indicator of SEP, we used years of completed education, estimated based on interviews using a structured questionnaire applied by trained interviewers. It was categorised into the commonly achieved local educational levels: less than 8 years; 1 st cycle completed (8-11 years); 2 nd cycle completed (12-15 years); and college degree (16 years or more).
Statistical analyses
Statistical analyses were performed using Stata version 13 (StataCorp, College Station, Texas, USA). All analyses were stratified by sex. Independent variables were presented using absolute and relative frequencies and chi-square test was used to compare population characteristics.
Inter-correlations between the ultrasound measurements and independent variables were assessed by Spearman's correlation. For subsequent analyses, we log-transformed visceral fat thickness and square-root transformed subcutaneous abdominal fat thickness to achieve normal distributions, and both variables were posteriorly standardized to allow direct comparisons of the regression coefficients for these outcomes.
Genomic ancestry scores showed non-parametric distributions. Therefore, quintiles for each score were calculated and, in the absence of non-linearity, were analysed as continuous variables by tests for linear trend. The European ancestry score showed strong inverse correlation with the African ancestry score (ρ = -0.93; p<0.001) and therefore was not considered separately. Because non-linear associations with visceral and subcutaneous abdominal fat thicknesses were identified by incremental F-test and component-plus-residual plots, education level was included in the multivariate models as a categorical variable and p-values from heterogeneity tests are presented.
Separate multivariate models were designed to estimate the crude and adjusted regression coefficients for the associations between the independent variables (African and Native American ancestry, and education) and the outcomes (visceral and subcutaneous fat). The adjusted models included the two genomic ancestry estimates and education level in the same model, in order to estimate their independent effects on abdominal fat.
Both the 'crude' and 'adjusted' models were performed with and without further adjustment for BMI at age 29-31 years. Models without adjustment for BMI consider 'abdominal fat thickness' as the outcome. Model including BMI as a covariate consider 'abdominal fat distribution' as the (primary) outcome.
In order to explore the identified non-linear associations with education, we tested the interaction between education and sex on the associations with both visceral and subcutaneous fat thicknesses. A 5% significance level was applied.
Results
The study population characteristics are summarized in Table 2 . European ancestry contributed the highest ancestry proportion in both men (median = 85.4%) and women (median = 84.9%), but with considerable inter-individual variability (Fig 1) . Men reported less education than women (p<0.001). Both African and Native American ancestry are associated with education (p<0.001).
Overweight was more prevalent in men than in women (p<0.001). Men had greater median visceral fat thickness than women (6.7 vs. 4.7cm; p<0.001), but lower mean subcutaneous fat thickness (1.8 vs. 2.4cm; p<0.001); these differences persisted after adjustment for BMI at 30y (all p<0.001; not shown). Visceral fat thickness showed modest positive correlations with subcutaneous abdominal fat thickness, both in men (ρ = 0.43; p<0.001) and women (ρ = 0.39; p<0.001) ( Table 3) . Additionally, both visceral and subcutaneous abdominal fat thicknesses showed strong positive correlations with BMI (all p<0.001).
Associations with abdominal fat thickness
In men, the crude inverse association (p = 0.001) between African ancestry and subcutaneous fat thickness was attenuated after adjustment for education (p = 0.05) ( Table 4 ). In women, the crude positive associations between African ancestry (p<0.001) or Native American ancestry (p = 0.01) and visceral fat thickness were also attenuated after adjustment for education (p = 0.26 and p = 0.59, respectively).
Independent of genomic ancestry, education level was inversely associated with visceral fat thickness, both in men and women (both p<0.001). In contrast, we found non-linear associations between education level and subcutaneous abdominal fat thickness, both in men and women. In women, there was an inverted U-shaped relationship between education level and subcutaneous abdominal fat thickness.
Sex significantly modified the associations of education with both visceral and subcutaneous abdominal fat thicknesses (both p-interaction<0.001) (Fig 2) . In women, lower education was associated with greater visceral fat thickness, but lower subcutaneous abdominal fat thickness.
Associations with abdominal fat distribution
In men, African ancestry was inversely associated with both visceral and subcutaneous abdominal fat distributions, after adjustment for education level (both p<0.001) ( Table 5) . Similarly, in women, African ancestry was inversely associated with subcutaneous abdominal fat distribution (p = 0.009), but not with visceral fat distribution. Native American ancestry score was not associated with either visceral or subcutaneous abdominal fat distribution in men or women.
Independent of genomic ancestry, education level was inversely associated with visceral fat distribution, both in men and women (both p<0.001). In contrast, education level showed positive but non-linear associations with subcutaneous abdominal fat distribution, both in men and women (both p<0.001).
Discussion
To our knowledge, this is the first study to apply genome-wide markers to investigate the effects of ancestry on abdominal fat distribution. It is also one of the largest reported samples with abdominal ultrasound measurements, and by far the largest from a low-or middleincome setting. Our findings, from an admixed population, indicate that both genomic ancestry and education level were independently associated with abdominal fat distribution in adults. African ancestry was inversely associated with visceral and subcutaneous abdominal fat in men, and was inversely associated with subcutaneous abdominal fat in women. Regarding Ancestry markers have been used to explore the aetiology of complex diseases. Previous studies using specific panels of genomic ancestry markers have reported associations with obesity-related phenotypes [31] [32] [33] . Goonesekera et al. [32] , analysing a sample of 1,726 individuals participating in the Boston Area Community Health survey, a population-based prospective cohort study, observed positive associations of West-African ancestry with BMI and percent body fat. Moreover, gender significantly modified the association between West-African ancestry and BMI by gender (p-interaction: <0.002), with greater magnitude among women. Klimentidis et al. [33] , studying 2814 self-identified African-American (AA) participating in the Atherosclerosis Risk in Communities study and 1611 AA from the Multi-Ethnic Study of Atherosclerosis, found a negative association between West-African ancestry and central obesity among African-American men, but not among women (pinteraction = 4.14 × 10 −5 in pooled analysis of WHR). Consistent with our findings, a previous study reported a positive association between European ancestry and visceral fat in an African American sample [34] .
While such studies using genomic ancestry markers are yet sparse, these findings are consistent with some earlier studies that used self-identified race/ethnicity, which reported that African Americans have lower visceral fat than white Americans, independent of total body fat [12, 35, 36] . Although the specific genetic factors behind these racial differences are yet to be 2 Standardized means of log-transformed visceral fat thickness (cm). 3 Standardized means of square-root transformed total subcutaneous abdominal fat thicknesses (cm). 4 Model 1: Both ancestry variables and education level adjusted in the same model.
identified, our study strongly supports the existence of biological effects of genomic ancestry on the accumulation and distribution of abdominal fat depots. The relationship between SEP and abdominal fat distribution is complex in nutritionally transitioning cohorts in middle-income countries, such as Brazil. Sobal and Stunkard's [37] landmark review in 1989 described an inverse association between SEP and obesity among women in high-income countries. Since then, such inverse associations have also emerged in middle-income countries and represent a reversal from the positive associations that are still seen in low-income countries, especially among men [38, 39] . Regarding abdominal adiposity, a previous analysis of the 1982 Pelotas (Brazil) birth cohort showed positive associations for family income in adulthood with waist and hip circumferences, both partially mediated by education and behavioral variables [40] .
In the current study, effect estimates on abdominal fat for education level were substantially larger than those with ancestry; higher education level was robustly associated with lower visceral fat thickness and distribution, but conversely with higher subcutaneous abdominal fat distribution. In addition, we found that women with lower education tend to present greater visceral fat thickness and lower subcutaneous abdominal fat thickness in comparison with those with higher education, suggesting a more detrimental profile in terms of metabolic risk.
The reason for these apparent directionally-discordant effects on visceral versus subcutaneous abdominal fat is unclear, but might reflect age-and cohort-specific contributions of SEP. In adults, higher education has been also suggested to be associated with expectations for personal achievement in several aspects, affecting personal satisfaction with body image and perception of desirable body shape, especially among women [41] .
We acknowledge some limitations of our study. Firstly, we used ultrasound measurements of abdominal visceral and subcutaneous fat thickness, as proxies for these abdominal fat masses. While the validity of ultrasound in this specific setting has not been examined, validation studies using the same standardized protocol have found strong correlations between ultrasound and MRI estimates of abdominal fat in a variety of settings and populations [6, 7, 23] . In addition, our findings are consistent with previous reports using different imaging methods that men have greater intra-abdominal and lower abdominal subcutaneous adipose tissue than women [42, 43] . Secondly, the Native American ancestry proportion was low in our sample, as it is in South Brazil, and similar studies in other settings are needed to better examine its potential influence on markers of health and disease risk. Consequently, there was high correlation between the remaining two ancestries, and our findings related to African ancestry should be interpreted relative to European ancestry.
In conclusion, use of genomic ancestry in this uniquely admixed population allowed inference of independent biological and social influences on abdominal fat distribution. African ancestry appeared to lower abdominal fat distributions, particularly in men. 2 Standardized means of log-transformed visceral fat thickness (cm). 3 Standardized means of square-root transformed total subcutaneous abdominal fat thicknesses (cm). 4 Bivariate models: One model for each variable, all adjusted for BMI. 5 Multivariate models: Both ancestry variables and education level adjusted for each other and for BMI.
